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THE  BONDING  IN  THE  INERT  GAS-HALOGEN 
COMPOUNDS— THE  LIKELY  EXISTENCE  OF 
HELIUM  DIFLUORIDE 


*■  In  1031,  Pimentel  discussed  the  bonding  in  trihalide 
ions  in  terms  of  a  simple  molecular  orbital  description.1 
'  In  this  widely  ignored  paper,  the  applicability  of  the 
bonding  scheme  to  other  molecular  species  was  recog- 
.  nized  and,  in  fact,  the  existence  of  inert  gas-halogen 
"  conqxiunds  was  predicted.  “//  is  to  be  expected  that  a 
ray  ga $  could  form  complexes  with  halogens."'  At 
babliut  the  same  time,  Hach  and  Rundlc*  discussed  bond- 
in:  of  trihalides  in  similar  terms,  though  without  any 
erence  to  possible  inert  gas  compounds. 

|  Since  then  there  has  appeared  significant  '.upport  for 
th  s  molecular  orbital  description  of  the  trihalides 
th  -ough  electric  quadrupole  resonance  studies’- 4  and 
mirared  studies.4  The  quadrupole  coupling  constants 
^  both  I Cl- “  and  ICh-  confirm  the  proposal  that  d  orbi- 
g0*ls  do  not  contribute  significantly  to  the  bonding. 
mmt  The  recent  preparation  of  inert  gas  coni[xmnds  has 
naturally  stimulated  much  interest  in  their  bonding.* 
"Among  these  discussions,  there  has  appeared  a  revival  of 
"Hie  molecular  orbital  description  proposed  by  Pinion- 
Gel*-0  and,  we  feel,  the  model  provides  a  simple  and  suf¬ 
ficient  basis  for  explaining  the  existence  of  such  com¬ 
pounds  as  XeF».  The  ease  of  extension  of  the  scheme 
-So  such  coni|xiunds  as  ICU~  and  XeF,  has  been  amply 
"pointed  out  by  others4-5  *  0  and  need  not  be  reproduced 
here. 

There  is,  however,  one  other  as|x-ct  of  the  molecular 
orbital  description  offered  by  Pimentel1  that  deserves 
consideration.  The  essential  similarity  of  the  molecu¬ 
lar  orbital  descriptions  of  HF-~  and  1*~  was  noted'  and 
remarked  U|x»ti  again  by  Pimentel  and  McClellan.1" 
Kxjieritucntal  supjxirt  for  this  connection  has  also  ap- 
ix-ared"  and  we  are  encouraged  to  explore  its  implica¬ 
tions  in  reference  to  inert  gas  chemistry.  In  particular. 
the  compound  lie!'.,  cun  be  expected  to  be  stable. 

The  molecular  orbital  description  of  HIV  ,  bused 
U|xm  the  halogen  axial  2p  orbitals  and  the  hydrogen  Is 
orbital,'  need  not  lx-  rejx-ated  here  and  its  applicability 
to  the  isoeleetronie  molecule  HcF-  is  obvious.  We  can, 
however,  make  some  comparisons  between  HF-  and 
HoF-  that  may  aid  in  searching  for  this  interesting  mole¬ 
cule.  A  rough  estimate  of  the  infrared  s|X'clrum  of 
IleF-  can  lx-  based  ti|xin  that  of  HF*-.  The  vibra¬ 
tional  frequencies  and  a  set  of  force  constants  for  I  IF- 

til  C  V  C.  1'imentel,  J.  Client,  If,  I  Hi  ( I  ). 

•  21  It.  J.  Mach  an«l  K  K.  Mtimlle,  ./.  rln/.  Chew.  .No* TJ,  I.TJI  (lib*  I). 

«:U  t\  I».  Cornwell  nml  R.  S.  Yamasaki,  J.  i’lu'tn.  /Vjw,  27,  ttkiO  I  l!l'»7l. 

tl)  U.  S.  Yamasaki  ami  C.  1».  Cornwell,  JO,  f  III.V.H. 

‘.’I  \V.  II.  tYrwui,  <*,.  K  Anderson  and  J.  I*  l*onli*imvd)t .  */»»</..  35,  <mis 
«Hh.|». 

Hit  |  C.  Allen ,  St  fVifi  f,  118,  M1»J  lI'.HilM 

i7>  I.  C  Allen  unit  W.  dc\V.  ilown-ks.  Jr  .  J  .lw  i  hem.  S,h  .  84,  l.lll 

i Hi  K  S.  l*it/cr,  s.ienee,  138.  Hi  tl*n;:n. 

ii*l  K.  K  Uitinlle.  J.  ,|m;  ('hem.  >’*•»  ,  83,  112  t  l!Mi:i>. 

tlm  «*.  C.  IHmenlcland  A  I.  McClellan.  "The  Hydrogen  ll.md,  \V  II 
l;rectnatl  ami  Co.,  |*.  :ii:i, 

till  \V.  II.  IVrsoti.  R.  K  Humphrey  and  A.  I  l'o|iov,  J.  .Ini.  t  hem  .W 
82.  2».i  tl'.MHI). 

<121  I.  H  juticvaliil  K  A  IVflMctnatl.  J  (hem  l’h\*  ,  22,  7S|  t  IM.'it » 


Table  1 

The  Vibration ai.  Potential  Function  and  Frequencies  ok 
HF-'  (experiment)  and  HcF,  (predicted) 

Frequency,  cm.  '> 
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*/r  “  bond  stretching  force  constant  (in  inillklyncs/Aiigstrom); 
f„  =•  IriikI  stretching  interaction  force  constant  (in  inilliilyncs/ 
Angstrom);  fa  “  angle  Ix'mliiig  force  constant  (in  milliilync- 
Angstrom  /radian). 

arc  shown  in  Table  I.”  These  force  constants  trans¬ 
ferred  to  HcF-  lead  to  the  predicted  frequencies  shown 
in  the  second  row  of  Table  1.  We  feel,  however,  that 
the  spectrum  of  XeF-  is  relevant  here.  Smith  has  con¬ 
cluded1’  that  the  ratio  /„•//,  is  much  smaller  for  XcF- 
than  for  the  trihalide  ions.  We  do  not  share  his  view 
that  this  difference  vitiates  the  molecular  orbital  bond¬ 
ing  description,  for  a  reasonable  rationale  can  be  formu¬ 
lated  to  explain  it.  The  molecules  XeF-  and  ICl-~. 
though  isoeleetronie  (in  bonding  electrons),  involve 
quite  different  formal  charge  distributions.  The  pro¬ 
posed  molecular  orbitals  tend  to  place  somewhat  less 
than  one  electron  charge  on  the  central  atom  and  some¬ 
what  more  than  I'./j  electron  charges  on  the  terminal 
atoms.  In  the  case  of  I  Cl;-,  the  formal  charge  implica¬ 
tion  is  that  the  excess  charge  of  the  ion  is  distributed  on 
the  chlorine  atoms  and  the  iodine  atom  has  a  charge 
near  zero.  The  case  of  XeF-  contrasts  since  the  central 
atom  must  have  a  significant  jx»sitivc  formal  charge  to 
balance  the  negative  charge  placed  on  the  terminal 
atoms.  This  difference  can  be  exjx-ctcd  to  tend  to 
strengthen  the  bond  somewhat  because  of  the  electro¬ 
static  attractions,  raising /r. 14  At  the  same  time,  the 
interaction  force  constant  should  be  reduced,  because  an 
asymmetric  displacement  is  no  longer  energetically 
favored  over  a  symmetric  displacement.  Ill  the  sym¬ 
metric  mode.  Hie  terminal  atom  repulsions  that  tend  to 
raise  the  energy  are  counteracted  by  the  central  atom 
[Misitive  charge. 

In  view  of  these  considerations,  we  feel  that  a  more 
educated  guess  of  the  force  constants  for  HcF-  is  |x>ssi- 
ble.  In  the  last  row  of  Table  I,  we  propose  a  more 
likely  potential  function  (and  an  appropriately  short¬ 
ened  lxmd  length)  together  with  the  implied  frequen¬ 
cies. 

Though  the  two  sets  of  predicted  frequencies  are  dis¬ 
cordant.  they  show  that  the  infrared  absorptions  should 
fall  in  a  readily  accessible  region.  A  search  for  this 
species,  IleF;,  is  ill  progress  lien'. 

il.il  |i.  I-'  Smith,  ibid.,  H.  2NI  (I'.MiS) 

(1  I)  A  i*rutn|y|K*  effect  in  noted  in  lilt*  successively  shorter  Ih*ih1  lengths 
..I  CIO  1 1  ill  .Vl.  CIO,  -  II.. W  A  I  nml  CIO,  -  1 1  .AO  A],  whirl!  also  cun  Ik- 
awwiated  with  the  acciiniutat ing  formal  charge  mi  the  central  atom. 
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